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Introduction

At the request of and supported by the U.S. Water and Power Resources 
Service, seismic and gravity surveys were conducted by the U.S. Geological 
Survey along parts of the Salt-Gila Division of the Central Arizona Project 
(CAP) aqueduct between Apache Junction and Eloy, Arizona. This report 
presents the results of the gravity surveys. Figure 1 shows the outline of 
the gravity survey area.

Data Collection and Reduction

During 1978 and 1979, 1,236 gravity stations were measured by the authors 
within the hatched area shown on Figure 1. A Worden Master gravimeter having
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Figure 1. Hatched rectangle shows area covered by the gravity survey 
discussed in this report.



a dial constant of 0.0756 milligal per division was used in establishing 
stations H0001 through H0476 in 1978. Another Worden Master gravimeter with a 
dial constant of 0.0882 was used for measuring stations H0477 through H1016 in 
January 1979. In May 1979, LaCoste and Romberg gravimeter G-2 was used to 
measure the remaining stations.

The gravity values are referenced to two ACIC base stations in Arizoua, 
one at the Phoenix Airport (ACIC code number 0456-0) with an observed gravity 
value of 979476.38, and the other at Florence (ACIC code number 3213-1) with 
an observed gravity of 979393.50. These are 1971 values given by the Defense 
Mapping Agency Aerospace Center (1974) 

Elevations for stations H0001 through H0465 and H0630 through H0672 were 
determined using direct leveling by a survey party from the Phoenix office of 
the U.S. Water and Power Resources Service (Mansfield, Chief of Party) and are 
considered accurate to 0.06 meters (0.2 ft). Elevations for the other 
stations were taken from existing 7.5 minute U.S. Geological Survey quadrangle 
maps. Gravity terrain corrections were made using a computer program written 
by R. H. Godson, U.S. Geological Survey, using Plouff's method (Plouff,
1977). Terrain corrections were made to a distance of 166.7 kilometers from 
each station based on a density value of 2.67 g/cta"'. Most of these 
corrections are s~nall negative values as a result of the nature of the 
topography. Mearly ail of tns stations ara located in flat valleys vhare the 
near terrain is level vith mountain ranges in the discance. Table 1 lists the 
principal facts for the gravity stations collected by the authors for the 
present work.

Two previously published gravity surveys were combined with the present 
data to produce the Bouguer gravity map, Figure 2, for this report. One of 
these surveys was of the Superstition Mountains, Arizona, (Wynn and Manydeeds,
1978). Table 2 lists the principal facts for 36 of their gravity stations 
used in this report. This data was collected with LaCoste and Romberg 
gravimeter G-159 and is referenced to base station ACIC 3210-1 at the Globe, 
Arizona, airport. The Bouguer anomalies given in Table 2 of this report 
"differs from that listed by Wynn and Manydeeds. In their original report, the. 
Bouguer anomaly included terrain corrections by hand template through 2.615 ' 
kilometers (zone H of Hammer, 1939), while in this report the terrain 
corrections include both their hand correction and the computer correction 
from 2.615 to 166.7 kilometers. The computer terrain corrections were made as 
described above.

Table 3 lists the principal facts for 943 stations collected by Donald L. 
Peterson, U.S. Geological Survey. These stations are part of a larger 
survey made by Peterson for the U.S. Water and Power Resources Service, 
published in 1965 (Peterson, D. L.) and as a Geophysical Investigations Map 
(Peterson, 1968). This data was collected with three Worden Prospector meters 
having dial constants of 0.4907, 0.4902, and 0.4738. Peterson's data was 
referenced to ACIC base stations located at Florence and the Phoenix airport, 
the same as the present survey. Peterson's data used in this report was taken 
from the Department of Defense Gravity Library (1977). Several of Peterson's 
stations were reoccupied by the authors during the present survey. After 
applying a small constant to the observed gravity values for Peterson's 
stations, these values agreed within 0.25 milligals with those measured by the 
authors. All of Peterson's data used in this report was processed to include 
terrain corrections, as described above.



Figure 2 is a complete Bouguer gravity map of the survey area. Station 
locations are shown, using different symbols for the varioas surveys. The map 
was generated on a Honeywell Multics computer using unpublished gridding and 
contour programs of M. W. Webring, U.S. Geological Survey. The data was 
gridded on a one-kilometer-grid spacing. The location of the CAP aqueduct is 
also shown on Figure 2, based on location maps furnished by the U.S. Water and 
Power Resources Service.

Gravity Profiles and Models

An abundance of earth cracks have formed in the vicinity of Hawk Rock, a 
7-meter high outcrop of gray quartzite, 5.5 kilometers southwest of Apache 
Junction. Four survey lines of closely spaced gravity stations cross at this 
feature. Figure 3 shows the location and station numbers of these survey 
lines. The stations were measured along two sets of two parallel lines, the 
first line being read at 60.96 meter (200 ft) intervals and the second line at 
,91.44 meter (300 ft) intervals. The interval spacing was reduced to 30.48 
meters (100 ft) on both lines near the earth cracks. The survey lines in the 
southeast-northwest direction were along the proposed alinesent of the 
aqueduct.

Figure 4 shcvs profiles of the Bcuvuer anotsaly along the t%~o parallel 
southcast-nortVi'/eyt lines througn Havk Rock. Tha two profiles show nearly 
Identical ano<tLq.i:Le3. The survey Una for the upper profile passes directly 
through the rock outcrop and shows a sharper ancnvsiy than tha lover profile 
which is offset by 91.44 meters (300 ft) from tha outcrop. The profiles trend 
nearly perpendicular to the regional gradient that can be seen on the maps by 
Peterson (1968) and West and Sumner (1973). The regional gradient was not 
removed from the data for these two lines.

The location of cracks exposed at the surface are also shown on the 
profiles on Figure 4. The cracks appear to correspond with an increase of the 
gravity gradient that occurs at the edges of small, local gravity 
"plateaus". This configuration of the gravity anomaly is not seen on the 
-southwest-northeast gravity profile (Fig. 6) nor were any surface cracks 
observed along it.

A model and a calculated gravity profile at 250 meter (820 ft) intervals 
along the southeast-northwest line through Hawk Rock is also shown on 
Figure 4. Densities of the material northwest of Hawk Rock were determined 
from a Birdwell Bulk Density log for well TH(A-l-7) 36daa (SG1), logged on 
September 21, 1977, and two bulk density measurements of a core sample of 
granite from a depth of 392.9 meters (1289 ft) near the bottom of the same 
hole. Total depth of SG1 was 396.2 meters (1300 ft). The average bulk 
density of the granite cores was 2.68 g/cm . (Bulk density of three surface 
samples from the outcrop at Hawk Rock were measured by G. R. Johnson, U.S. 
Geological Survey, and averaged 2.62 g/cm .) To calculate an anomaly curve of 
reasonable fit along the profile northwest of well SG1 using these densities, 
it was necessary to have a mass of lower density than that of the granite. 
Such material could be a rock type similar to rhyolite or dacite (Heiland, 
1940, p. 81). Densities to the southeast of Hawk Rock were changed on the 
basis of changes in seismic velocities (oral communications, Lee Pankratz, 
January 1979).



At Hawk Rock there Is a difference of more than one milligal between the 
calculated model and the observed gravity. One method of fitting a model to 
the observed gravity would be to Insert a body of higher-density material 
beneath Hawk Rock at a relatively shallow depth of 200 to 500 meters.

Figure 5 shows the profiles of both the observed gravity and the Bouguer 
anomaly extending to the northwest from the northwest end of the profiles 
shown on Figure 4. This profile follows the aqueduct alinement for 
6096 meters (20,000 ft).

Figure 6 shows the Bouguer anomaly profiles for two parallel 
southwest-northeast lines through Hawk Rock. The upper profile is along a 
seismic reflection line run by the Tennessee Valley Authority (1978) with 
gravity station H0085 being located at TVA's station 28 + 00 and survey point 
4200 RT 159 + 99.91 of the aqueduct alignment.

These profiles trend in the same direction as the regional gradient seen 
on the maps of Peterson (1968) and West and Sumner (1973). Shown on the upper 
profile of Figure 6 is the general regional gradient (determined from the map 
of Peterson, 1968), the residual anomaly, and a calculated anomaly for the 
model shown below it. If the regional gradient had not been removed, the 
depths at the southwest end of the profile would be less, while at the 
northeast and the depths would be greater.

The thickness of the upper layer of the model is generally the same as 
the combined thickness of the 0.6 and 1.2 km/sec seismic layers for the 
refraction spread Hawk Rock-4 (Lee Pankratz, oral communication, January 
1979). The thickness of the second layer was then calculated to match the 
anomaly.

A gravity profile (Figure 7) was also made along the Magma-Arizona 
Railroad, 15 kilometers northwest of Florence, and is noted on Figure 2. The 
southwest end starts 152 meters (500 ft) northeast of the junction with the 
Southern Pacific Railroad and continues northeastward for 8412 meters (27,600 
ft) with a station interval of 60.96 meters (200 ft). The gravity readings 
were taken along the northwest side of the tracks and not on any railbed fill 
material.

The profile trends nearly parallel to a steep northeasterly gravity 
gradient of more than 3 milligals per kilometer. The regional gradient was 
determined from the maps of Peterson (1968) and West and Sumner (1973). 
Figure 7 shows the Bouguer, calculated, and residual anomalies and regional 
gradient along the Magma-Arizona Railroad.

Two test holes, SG13 and SG7, drilled by the U. S. Water and Power 
Resources Service, lie along this profile. Sand, silt, and gravel were found 
to a depth of 276 meters (905 ft) in SG-13 with interbedded conglomerate and 
basalt from 276 to 398 meters (1,308 ft) and fractured andesite below 398 
meters to a total depth of 465 meters (1,526 ft). At SG7, sand, silt, and 
gravel were found to a depth of 422 meters (1,385 ft) with basalt below this
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to a total depth of 456 meters (1,495 ft). In SG7 there was an increase in 
density at 232 meters (760 ft). (Drill hole information from Robert Laney, 
U.S. Geological Survey, oral communication, August 1978.) Bulk densities of 
three samples from SG13 were measured as:

<3

conglomerate from 302 meters as 2.10 g/cm 
basalt from 398 meters as 2.47 g/cm3

O
andesite from 465 meters as 2.52 g/cmj

o
A density of 2.67 g/cmj was used for computing the Bouguer anomaly. To 

calculate the anomaly at drill hole SG13, a density of 2.01 g/cm3 was used for 
the sand and gravel, 2.30 g/cm was used for the conglomerate and basalt, and 
the andesite was assumed to be 120 meters thick with a density of 2.52 g/cm   
The residual anomaly was then used to calculate the model shown in Figure 7. 
The 120-meter layer with a density of 2.52 g/cm at SG13 is considered as 
having the same density layer as the basalt at the bottom of hole SG7. This 
would assume the andesite is replaced by or underlies the basalt at SG7-

Figure 8 shows a gravity profile along the aqueduct alinement southeast 
of the Magma-Arizona Railroad. Modeling was not done for this profile and the 
regional gradient was not removed.
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Explanation of Table Headings

The computer printout sheets list the principal facts for gravity 
stations. An explanation of the column headings follows:

IDENTIFICATION

LATITUDE

LONGITUDE

ELE

ST

OBSERVED GRAVITY

THEORETICAL GRAVITY

TERRAIN7 CORRECTION 

BOUGUER CORRECTION 

CURV CORRECTION

SPECIAL CORRECTIONS 

FREE AIR ANOMALY 

BOUGER ANOMALY

proj CAP for Central Arizona Project 
sta-id for Gravity survey station number

north latitude in degrees, minutes, and 
hundredth of minutes

west longitude in degrees, minutes, and 
hundredth of minutes

elevation in feet above sea level

state

observed gravity in ailligals

theoretical gravity cortputed using the 
"Geodetic Reference Systera i.967" (Inrernatiopal 
Association of Geodesy, 1971)

corrections due to effects of topography 
at density of 2.67 g/cnr

Bouguer corrections in milligals
(includes elevation and curvature correction)

corrections in milligals due to curvature of 
the earth

any other corrections, none used 

free-air anomaly in milligals

simple Bouguer anomaly in milligals for 
densities of 2.67 and 2.50 g/cnr
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